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The biologically active iron chelators 2-pyridylcarboxaldehyde isonicotinoylhydrazone, 2-pyridylcarboxaldehyde benzoylhydrazone monohydrate and 2-furaldehyde isonicotinoylhydrazone and benzoyl groups are observed, and the disposition of the heterocyclic aldehyde is shown to be influenced by the ring size of this group.
Comment
Aroylhydrazone ligands continue to attract interest as potential chelators for the treatment of iron-overload disease and also as agents with considerable antitumour activity (Johnson et al., 1982 , Baker et al., 1992 Richardson et al., 1995; Richardson & Milnes, 1997) . As part of our research programme examining the development of clinically useful iron chelators, we have synthesized and determined the crystal structures of three aroylhydrazones, namely 2-pyridylcarboxaldehyde isonicotinoylhydrazone, (1), 2-pyridylcarboxaldehyde benzoylhydrazone monohydrate, (2).H20, and 2-furaldehyde (2-furfural) isonicotinoylhydrazone, (3). These chelators were designed to improve upon the aqueous solubility and iron-chelation efficacy of the pyridoxal isonicotinoylhydrazone analogues that were examined previously. Studies assessing the biological activity of compounds (1)- (3) have been completed and will be described elsewhere (Becker & Richardson, 1999) . The title compounds have been known for some time [(1), Beyerman et al. (1954) ; (2), Grammaticakis (1956) ; (3), Fox & Gibas (1953) ], but no crystal structures of this series have been published.
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In the crystal structure of (1) (Fig. 1) , the 2-and 4-pyridyl rings are each twisted slightly about their connecting C--C bonds, defined by the respective C3--C2--C1--N1 and C9--C8--C7--N2 torsion angles of 3.9 (9) and 9.7 (7) °. The 2-pyridyl N atom (N3) is anti with respect to the imine N atom (N 1), which avoids repulsion between the H atoms attached to C 1 and C3. As a consequence, the molecule is unfavourably disposed to chelate a metal ion in a tridentate configuration. In order for this ligand to bind meridionally (through the donor atoms O1, N1 and N3), the pyridyl group would have to rotate by ca 180 ° about C1--C2.
N3 C6 ~o Fig. 1 . View of (i) showing 30% probability ellipsoids.
The crystal structure of the benzoyl analogue (2).-H20 (Fig. 2) found the hydrazone and a water of crystallization each located on a general site. The bond lengths are similar to those found in (1). The phenyl ring is somewhat more twisted about the connecting C---C bond [N2--C7--C8---C9 torsion angle 22.6 (3) °] than its 4-pyridyl analogue in (1). The disposition of the 2-pyridyl ring again finds N3 anti to N1. Hydrogen bonding with the water O atom (02) 
Fig. 2. View of (2).H20 showing 30% probability ellipsoids.
The furfural hydrazone (3) (Fig. 3 ) crystallizes with two independent molecules (n = A and B) in the asymmetric unit, but the structural differences between these molecules are negligible. The furyl O atom (Oln) is syn with respect to the imine N atom (Nln), in contrast to the structures of (1) and (2) where the heteroatoms were anti. In this case, the ca 10 ° more obtuse C ln--C2n--C3n angle enforced by the planar five-membered furyl ring (ca 130 °) relieves the C ln--H..-H--C3n repulsion which led to the corresponding anti conformers (1) and (2). In (3), the 4-pyridyl ring is twisted significantly about its connecting C--C bond (C8n---C7n--C6n--N2n ca 33°), whereas the furyl ring torsion is relatively small (ca 4°). We are currently exploring the coordination chemistry and biological activity of these three potential ligands and their analogues.
Experimental
The title compounds were prepared in good yield by Schiff base condensation between the corresponding aldehyde [2-pyridylcarboxaldehyde for (1) and (2), and 2-furfural for (3)] and acid hydrazide [isonicotinic acid hydrazide for (1) and (3), and benzoic acid hydrazide for (2)] in refluxing ethanol. The ~H NMR and microanalytical results are consistent with their formulation. Crystals of each compound were grown from saturated ethanolic solutions. h= -1 ---~ 16 k=-4~6 1=-32--~ 31 3 standard reflections frequency: 120 min intensity decay: <5% Richardson, D. R., Tran, E. & Ponka, P. (1995) . Blood, 86, 4295-4306. Sheldrick, G. M. (1990) . Acta Cryst. A46, 467-473. Sheldrick, G. M. (1997 Supplementary data for this paper are available from the IUCr electronic archives (Reference: TA1264). Services for accessing these data are described at the back of the journal.
